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The swirler of the gas turbine combustion chamber is usually designed from nickel-based superalloys
and produced by the conventional precision casting method under vacuum. The production of such
parts is associated with high scrap due to geometrical complexity, high dimensional accuracy and also
the use of ceramic cores. In recent decades, the use of the additive manufacturing process as a new and

Keywords: alternative method has been growing for the production of complex metal parts in the power plant
Additive Manufacturing industry. In this research, a gas turbine Swirler and several Inconel 625 samples were fabricated by
SLM SLM in optimal conditions of the main variables of the manufacturing process such as laser power,
SuPeraHOY scanning speed and the thickness of the melted layer. Microstructural studies were performed by optical
Switler Microscope on samples and some structural defects such as incomplete local melting, porosity, non-
Gas turbine metallic oxide phases and Microcracks were identified. The printed swirler was compared with the
computer model in all important and final Surfaces by non-contact dimensioning method. The surface
quality and dimensional accuracy of the part were acceptable and it was evaluated within the tolerance
range of the casting part. Also, hardness and tensile tests at ambient temperature were performed on the
heat treated samples. The results showed that the values of the tensile properties of the printed samples
were higher in the parameters of yield strength and ultimate strength, but lower in the parameter of
relative elongation and the hardness was also the same.
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Fig. 4 Images of IN625 Ni-based superalloy Swirler fabricated by
SLM

GO 4w pgal —o

oz 3 SIM g, 4 ol a5l Hhgw (g0 dw paar §OUSS
IN625 51 500

axdad (S5 oalex 5l e O olulls sl 4
5 23,5 513 86 mle b owyib laggesl cou ond Cp

® Shoot Peening
7 Roughness Gauge

¥ oolads 4 053 N E- ) 313,58 bl Sulgs 5 il wiee

)-" r )514...‘0 L [\"‘A]ajlo (;...m.t AW ug\) 4..31 Cwlses
Olize SLM wilyd o Ll 2l 5o 5 sle e
Sy 45 g5, anls Olse b oS5 el S Ygons
155 (o0 B )3 1y 09d e ol (V) alad
E=PAVxhxt) M)

tggpd ol (Sl cepn V5d Glgs poakal,y ol o

v : Yo ¢ .

SR g oM S ¢ (Sl QLIS st 50 ot
5 03l es39093)90 (55) 2 &S (mdge Dyge 4 Oyl bz
ol en g Monroy .wiS s (s3b ‘..xs)l.&f),_,.‘i" Wl o,y Ca
Al oIl g9y 2 1y Sl S g 55 g la e 1
SLM (g, 4 <ILS” aly 5Ll (i 5l glaskd el
o5l 5 olg Giali8l boaS wis S odel Lyl s, oy
Sy 38l Ly al8l Jleel (65,00 ol 38l alalss als
ozl yiiy ey g 55 b oloy el Gbl Sl
[Flodkoe Lials

3l ool ST 5 S ING25 IS5 asly 5L 50
yeax daule 1) 095 plSouiul a5 o0 dul> Jaloe 5,k
a4 5L cnl 05l ssy Nb g Mo Jd 5l (s5LTpolie
ploinl (h plouill YU gl o plSall Lo
Ladlss asle Gline mlbo 0 o pls op)l5 (Je
U"‘ B [V]w‘ ob; ‘..\...v ‘50.....»3)..4 9 ‘Ssla)\) ssbLH:H.MJ
IN625 S by 5Ll ppgm iz 55 Goys8 g Gl
S banld a glasie b jsd 2B 0o s
booglhae (Sl (olss ccmlin jllop, 4 oltws
ooy il YU ddaw CoaS g golal Bl sl e o eSS
el 438,518 (25l 0590 gl

ool plxil by, =Y

ol sl IN625 S5 by 5Ll 5w 5090 51 Gaies 00l o
L ot . . ¥

s oslitul il Bl @b he) 4 5 (s kg
a3 Tsm "3 eadnleil jog caml pliord oS 5
1 oaan YO 65,5 Sl ojlail lawsze b ING25 S5
oS PO b o dw ooy sl sl sdel V Jgan
shosliinl b o lee 00 eli)] g o lee 0 25,5 l8 L

! Energy Density

% Thermal Gradient
? Cooling Rate

4 Swirler

’ Gas Atomized



IS dexo e

IS8 b SWTpgm uin 1B (095 wilabed inl 381 i lw

Gille iy 4 e s bume glos o (125 (g0

Syee [VY] ASTMEILS 4 [V+] ASTM E8m 6&0)‘.\5&“‘
(e g 00l S 6[.@455.0_3 (_,,S...alia uo|5:> C.al...u uﬁjf
&y OEM &5 5 Loy ond el Suilke olys Jilas

wle sladiges (5 g bme slos (iiS slagge)] @l ¥ Jgur
IN625 5L 5 (i I SLM b, 45 00

Table 3 Tensile test and Hardness results of IN625 specimens
Hardness, El UTS, 0.2% Y.S,

Re % MPa MPa Slatis
v YIA q.- $5A Vo ylad wiges
vy AIY Yy 5¥) Y o)let digas
) vI5 AS 20 Y ol wiges
v o8 b Sledlbl
. AYY . v
) [4](J3la>) ' OEM

Jad ESlen; owyn g SIS Ggesl el
ohon 4 (SLAl Ased S ipg) sboaY o Siie
ot igas b Sy g Ll plos b S slaaisas
dwledl o b o g9 (Fo0biw (D5 ply oK b oy 5l
GPey w oxd Sile sladiges Wl Ade (595 Vg )
sl 5 ke Vo 3l S plone Lo plionss 250
oo Jsbws s gl e o 2l lio 1o 5 SIS
CuSo4 p,5 Vs O ;iJ Lo O HCl o Lo O+ (sol>
Coe b oolalul ogwy slald ey cowlie glp 5
5 b dosenST o3 5l 9wy laaY o (So5)9lle
3eslaiwl b bt gl pleiSn 0 LSS aen
ey & Jie DM2500 Juw LEICA (655 55 S
2355 8 e )90 5 S5 0il s gl S JeloS

s Joloi -

Jelony b gw)p —1-Y

R oledbl gylSlen, by,
o218 0l co (Sl gl jo AW o o5 olop 5lSe
il pgw SLM anld 0 sad bl sy, oS e

Gsto

5.3l 00t 5 slrails Yaoss 5 loiym o8 )0 (B s
wald gladiges LSle 5l )8 DSy Se poai ¥ JSS
oLas IN625 5T 00 iz 5l SLM bs, 45 o aslo

el 00 03ls

? Original Equipment Manufacturer

A

axbad oal glis Y ly o b Cae 4
axbd colul CoaS swyp Sy eired 0l cuslie
'S w6558 o plal uled pd g, 4 wend iy
9 98 sileas Catia )l33la 5 SeS a4y s 5 S35 )90
Py el Ojgar axbd GeslS Joo b Sole o
A8 Ao walizes Folaw
S g e (slos 5 25 a3l ol sl
0 JS& Gllae yiodlos 70 gl g o los OxO ghaio olnl b
Slogis Bi> jpline 4 wd oy ae slayll b
5 cele ¥V Gae 4 bagel sl ol 5l Lol wiledl
llas [A]od 0y lgp 40 w9 0B (5l AV C sleo
(el sl 4 oad Cay y sbadiged faile, lp o laslal
US) Tonds Sz g8 sladigas (golayl ats ululys o Sanile
e wlolid Cum ond oySsle ol il alil (¢
Sz 5 )5 15 A0 mle b w3l o905] cov ol

3

e

—
—

I
\l

Fig. 5 As SLM IN62S5 tensile test specimens image
aslo IN625 5T g i 5l (2dS g0)] Slodiges pgas O S

s ° 4, g ooz
¢ \ HOloaz)
T .
i
|
2.9 20 2.9

Fig. 6 Dimensional of tensile test specimens|[8§]
D ], omile Cgr iS oypesl sbodiges olal 5 asis & S

! Digitizing
2 Sub Size

Y ooolowbs 0093 N E-Y 3l A ol pl 3es 5 il Swiiie



PEW ez Je

Heat source
—

Competitive
grain growth

Epitaxial growth
Fusion ling— - _ Epitaxial gro

Substrate
Fig. 8 Schematic of grain growth in SLM including initial epitaxial
growth and subsequence competitive [6]

By ) s g gl Sl 05, el il s, Soled A S
[5] SLM s, olekad 5L 4o

a3y 6l FCC sl b aly (g3 slge Jlie laicay
Lails cplply asls <o V> 81 Sl 5 Slea slaal (o
A5y S Gl obelS Cur 4 Seap b alie Sl b
sy 0, ahuly S Sl b bals a5 s s w5
Oy oodle 0gd o Bgin (oW ek e glaasls
3,55 p ,500Ss W Holre sladily aSile; baals (soges o,
4 azgi boandS glaails b 4y omie YL Z 5 L oS (o
S 4l gl Clie o Ko sladils Jiailex o5 il
e By by ey slessl anld (b )5 005 o
aS axl aslen Jocga pé Sgiw ganails Hlsle sl &
D9l g0 odnlie SLM  Jig, 4y ool aisle olalad jLisls yo
[F]55 5 oo
e e Jab Gl glaJSs A S5 gl
S £, ¢ Jeke o Glaio slezl agen Jud 5l dal>
(G) Gl obolS s davly jemepa- uynis b
398 cuyo 5 (AT) Tolaxmil feole (R) Molossl ey
ool )55 eluly anlee Seme DD T Sl
oud & (@ ojllsi,) ksl Ceslan; s @3l
e axmbe> 55,0 wibse GR 5 GR slacens 5 sl
calgis G/R i (RR0) 23 o i lazil oty 253l
Aib e LI glamis S e Jad Loal LSl g eog
slozdl wuly g0 yialS TA/ Dy 5l S 4 G/R coes aSCile
anse & Slimio 4ol & Kooy Jsbo it Jb
Spde Jad fSi 4 e GR Cons iy S
s 4 S35 525 e slaml 93,8 0 sigiar 2

1 Face Center Cubic

! Planar Solidification

12 Solidification Rate

13 Undercooling

' Solute Diffusion Coefficient
15 Substructure

Y oolak 4 093N €N Sls sl il J._;_J,a)-_ul.m [ETERNTPY

100 ym

Columnar of IN625 Samples built SLM technique
Sy 5 ek LSl 5l 68 (5N See gl VS50
SLM g, 45 oo a3l IN625 5LIT 1 g

S e g (Jols e slozl anl b bl g, ol 5o
Sl a5 ksle [¥] (10° K/S) Gioloyw VL
3 soalyd et g ond oS T g s 5 | ke
—sy Sl daa 5 s Jolss pgm slajl ) pax
Ol gy g SaBy, Olakd o 4 ax] Mm‘“”m@
D ool odaline

anails JbSle (Dbl el 5 (Sl ogd wald o
o 31 s s, Slez 5 S3alohge w0l e 5l o5 e &
0, Slos 0uiS asuive GLlui, gadS cél g a5 o)k
lranl 3 aslice ail co (gom 4w oul Cay py Slehad | SIS
Sl S cod SLM (g 0 ails w5892 pom e
B sl Jlim S 08, b g iyl 5 35 oo (golacn
andp Sl ) an, by (0> cgz) il el
S s i andl 3,50 L plajen gy i Ol
Sald b ol 5l s by ogdiee S5 Slie azig>
& Gk AV ka6 laals (g5 p Syl 0 b slod]
oz b g ails 0 Sle alls ($39093 )90 2 ogdle am3 oo
S ssbgla a2b o slal g sl 3 5 3 LS
slrails wlezil Jgl al> o ;o 30,5 oo cdnline A G 5o
S bl Jl e s axsl e wilize Slx gl Sl
Pz p b, dhuly s lSle 65) 4l B S S
538 g0 il oy (BTl S Slex 5o

' Cellular

2 Columnar-Dendritic

® Equiaxed-Dendritic

4 Morphology

’ Grain Orientation

¢ Localized Solidification
7 Epitaxial Growth

8 Competitive Growth

? Melt Pool

£y



PSW SezxoJe

US55 A3l SWToggm uin 1B opaa)95 lalod (il 331 i lw

OEM uf).w slrdiges AR )‘1 ).‘.45 Oi PO ‘_g).l.:\iJUa.a.ﬂ

AN Win FOGE mé’s 4 LRI “;‘; |
Fig. 10 Optical microscopy image showing some defects in IN625
Samples 3D printed using SLM

Ll 5y 50 @3l oae 658 (285w S paal Vo JSCD

SLM g, 4 oo ais-lo ING25 5LIT 5 g0

showing Micro Crack

Sellagm JiSliny 5 S5 9,5 5l )9 (9wg,See gl 1) JSSB
SLM b, & e 4zl IN625

1200 40%

% 0.2% YS, MPa BUTS,MPa [Elong.,%

Elongation, %

EOS Min Requirements of Tensile Test

Fig. 12 Comparison diagram of IN625 specimens Tensile test results
Sladiges boe slos 2aS slagge;] mli awlio Jloges VY JSCi
OEM 5,5 o2uS ples JBlas L SLM g, 45 oals aisLe

SLM Tensile Test Results (Average)

£y

G155 0 o s Gyl holS oSl Sl apig

[Pl oo

Fig. 9 Schematic of the effects of temperature gradient G and
solidification rate R on grain morphology in SLM process[6]

69y R) slexl Ce s 5 (G) ), LolS ol Soleds 4 JSCB
[F1SLM (b 4y (gms duw iy )8 50 aails (556)98 55

098> 3l (688 @sSwg,Ses pgal V) g Ve sl S o
o9d . [5ss (gauS] (_gLQG.aJL&U )...Lu ‘_g)l.';_'}L.a Cgac

.. . \ . .
Voo s Job 4 S g See mizmen g el (rdge
g}"’}) LY oy aslw IN625 )L“JT)JW )L..‘>L...J )é 09)5-*-"
Gt oSl slajl jea> ol ool cuslie SLM
axige cdablre piugw cwlie oL pae Sls Yo
Lo ST 3585 Jlie j0 55,1 58 Jlos! lawgs Slie
REII

o g e Glod SIS (plgS (o) p -T-Y
gy askd o )Sles (55, wnld layesie Flasllae cg
Silting Sz 610 Dlyin lme (slos (S (503l oy
plxl ol Lulpl anlie 5 () comdo anl eyl
Lo sl jiiS slacygesl bl gadod ol jo .ol oo
Sle (ol JBla ol jem 4 00l iy sladiged (s
oo Cnp Wl pgw lp OEM 8,0 lawg ool edlel
ol 00l VY S Jloges 50 duslie g (o) g INGO25
5 ek plotinl bwgle wgdioe odaline a5 jobles
plounl Blas 3l oals canp lodiges niS plual
@ i 4 OBM 5,0 glaaiges o228 alSovial 5 poles
Aoy lawgie a5 Jb> j0 ailb oo i LYIA 5 TAVIY ol

! Lack of Fusion

Y ooolak 4 095 N E ) élé)';.g|ﬁ|d¢_),3;;»';huum&w



PEW ez Je

Fig. 13 Comparison dimensional deviation between part fabricated
by SLM Via digital model
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